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The dissociation of molecular ions by an externally applied ¢lectric field,
E, oran equi‘)alent electric field, g =,ir % B, due to motion through a magnetic

field has been calculated by Hiskes. !

_ Qualité.tively. it is predlcfed that the external
fields warp the nuclear potential in snéh a w#y that the higher vibrational étates
" becorne unstable and dissociation r?esAults. This effect has been obsorved recently
by Rivier%‘; and Sweetman, z‘who diéso‘ciated 'H2+ and H; fons of apptoxi;nately

2 Mev energy with elecérié ﬁélds‘ of up to 5)(105 v/ cm. The measurements
preseﬁted here damona_trafe the Ereék~up of molecular hydrogen ions of 10 Mev
per nucleon by static magnetic fields.

. The experimental arrangement is shown i:; Fig. 1. Jons produced in a

PIG discharge were accelerated in the Berkeley heavy«ion linear accelerator
{Hilac). H; and H; ions were continuously acceieiated to full energy.r and,
alternatively, full~enargy; H; fons were obtained by paritally stripping 3-Mev

H;’ fons in a jet of Hg vapor and then accelerating the resulting H; ions to 20 Mev,
‘The reason for praoducing HZ*; by ’th'elat&r techniqizez is that such ions might be left
in more highly excited states than ﬁhose which -came'dix;eeuy from the ion source,
as demonstrated by Riviere and Swéetman. The ions emerged from the Hilac
.accompanied by other particles formed by break-up on the residual gas in the
vacuum system. The beam was collimated to 3/ xsxs/xé in., and the various
particles were then separated by bending the useful beam by 15 deg in a dc

magnetic field. No further collimation was required, thus eliminatiﬁg background
from¥eak-up at slit edges.
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The dissociation and analysis were obtained in 8 dc¢ magnet with a

4-in. gap. The gap in the first 1.5 in. of the magnet could be reduced to 1 in.,
thereby producing a maximum magnet field of about 19 kilogauss, The beam
required about 10”7 second to traverse this région.

 The resuks reportéd here were obtained by Mtiv;.tiﬂg 0.010-in, ~thick Cu
foile, placed in the analyzing magnet perpendicular to the direction of the incident
beam. The foil holder was built td serve as a Faraday cup, and waas used in the
beam-monitoring ayatanﬂ. The spatial distribution and the relative intensities of
the beam particles ﬁ. e., Ho. Hl+' Hz*'. etc. ) were determined by counting the
2093 activity (T 1/2 = 38 min) produced in the foil. |

Briefly, the scanning was done aa follows: the bombarded Cu foil was

_ ‘W;la;pped around 8 rotating wheel whose i.netanta.neéus position was synchronizsed
with the voltage of a linear ramp. A Nal crystal Qiewed the whecl through a slit
ina W and Pb ahié,ld. Whenever a 0.51-Mev anbiibilation ¥ ray from Zn63
dacay'waa detected in the cryatal, a pulse of height equal to the ramp voltage was
generated, These pulseé were put into 2 Penco 100-channel pulse-height analyzer,
and a presentation of count rate vs position on the foil waé obtained.

The diseociation caused by thfe residual gae in the vaguum systern at our

base pressure of about 6)&1_0"6

mm Hg wase ciet‘ermined by raising the pressure in
several stepo by adding N, 'meaauring the dissociation, and extrapolating to the
base pi-essum. ‘ '

The H; ions obtained‘by stripping H; were partially dissociated by the
magnetic field, with a rapid rise at about 12 kiiogause. This magnetic field cor-
responds to approximately 5}\105 v'/cm {Fig. 2). CQur reeult is consistent with the
dissociation of the Vv = 17 vibrational state as calculated 'by Hiskes for nonrotating

molecules. The vertical bande marked 10~ % gec and 10714 sec indicate the calculated
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fields neéeesan} for .barrrier;penetratiom in these times, with the widths of the bandg
correspending to the unceriainties. The field in the 15-deg bendmg magnet v;vaa ‘
aufficieﬁt’ly mgh to have é.li-eady diésociate_d the v = 18 vibrational state if it were
populated.. Convereely. the maﬁfnufn stripping ‘ﬁeld was somewhat too low to
affect zhe v = 16 state.. o | |

No indication of magnetic field éiaeoeiation was omun@d ior the direcuy
, aécelerated Hz and H3 ions, We have no theqretieal inﬁermmicn concerning the
‘H; ion. The absence of diasaciétion of directly accelerated H: iohs ig aasmed
to be due to the method of formation and to \pos;sibie defeicitatién in the ion source.

With more suitable choices of the k;né of fon, enex"g&} and magnetic field
'atrength. dissociation by a magnetic field migh;t .Ap:ovi&e a mechanism fpi- irapping :
fons in a highly evacuated controlled thermnuc_‘lear &evice. and provide a diagnostic
| -mo_i for the study of molecﬁlar. jox formation and excitation. We are 'emending this
iﬁvestigation to otheér molecular ions and to néﬁtral atoms in sit_nila& and higher
magnetic ficlds. - | | A | | |

'Wé wish 0 &xpress our appreciation ﬁo Dr. C. M. Van Atta for tmpporting
and encouraging this research J. Warren Stearna and Henry E‘ Rugge for helping
v:rmh the measuremante. Dr. Edward L. Hubbard Duane A, Spence. and other

embers of the Hilac staﬁ for their assictance, John R. M@ne-ghettx for much

oi the mecheanical constructmn. and Dr. John R Hiskes for meany interesting and
useﬁxl theoretical diecussione. One of the authors (8. K. ) would like to thank
Professor Burton J. Moyer for ehe zupport and interest that enabled him to

pattzcipa.te' in this work.
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- Notes and Reiérencés -

#;Worlv'don@ under the auspices of the U, 8. mofi'ri». Fnergy Commission.

1, IR mskea. F’hys Reav 122, 1207 (1961)

2. A, C. Riviex-e and D. R, Sweetman, Phys. Rev. Lettem 8, 560 (1960).

E‘ig. i.
g, 2.

e, magnetic. P!z direct, A. electric, Hz from ,H;;,o. electric, H,

F‘sgure Captions
Egperimental arzangement
Fraction of the beam diesocmtad by magnatic ﬂelds (preaent experiment)
and electric ﬂelds (Riviere and qweetman) A, magneﬁic. 2 * from Ha ;

+

direct. A backgrouad-_gas hmak-qp corregponding to 2 fractional dis«

-3 has 'be?ez'; gubstracted from the magnotic

sociation of {0.26%0.04) %10
dissociation data. The standard éev{atione shown include counting
statistice, an eetima&eé uncertaimty of 15% in the ‘extrapolated chssacmtion

by the resi&ual gas in the vacuum aysﬁem, and an urcertainty of 5% in

‘the calibrations of foil activity vs. fon current. -
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